In this paper, a technique of estimating and forecasting the volume of demand for strategic resource consumption sector of the economy are considered, using the Monte Carlo method and the cluster analysis. The forecast is based on the consumption industry capacity at the moment and on the data of the experts for the industry for key dates. The classification and analysis of the resulting trajectories of resource consumption are carried out with the help of cluster analysis to select the most important and probable patterns.
Introduction
The proposed method is focused on sectors of the economy where there is a need for long-term planning for competitive procurement policy (rare or long processing) strategically important resource. It is considered the resources for which even a relatively small change in the structure of manufacturing industry capacity can make a difference in the market share (price and distribution of flows). In order to avoid adverse situations at the enterprise, it is necessary to make decisions in advance on the purchase of resources according to its excess on the market and in situations of its deficiency. That is, we have to prepare longterm plans (procurement policies) for the procurement of the resource and the volume of purchases which may exceed or be below the current needs of enterprises. In order to implement such a policy on the market, the demand and supply for key dates should be evaluated using clarified expert data. Thus, it is required to make an evaluation for scenarios of market supply and demand for a certain period of time, taking into the account the probabilities of these scenarios realization.
Having the information on existing competitors and those that may arise in the future, as well as the expert evaluation of competitor capacities, their needs and other parameters, the company can build a forecast in the form of trajectories for the different versions of scenarios. Since these estimates are probabilistic in nature by varying them you can get a set of forecasts as a set of trajectories and to obtain estimates of demand and supply in the form of probability distributions of values on certain dates. At the same time it is necessary to note that the variable parameters have often quite well-known probability distributions and crosscorrelation. Having this information, as well as a priori expert estimates for the key dates is possible to classify the trajectories, that is to divide the generated trajectories for "bundles" of trajectories and to estimate the probabilities for the "beams" as possible scenarios of the demand of strategic resource. Thus, the companies of the industry are able to make plans more accurately and assess the risks of long-term planning of procurement. In this paper we present an approach to the construction of such an analysis, which is illustrated by the typical example of a model for the high-tech industry.
Statement of the problem
It is considered a sector of economy in which business consumes strategic resources. Companies within the industry can be divided into several types, differing in their resource intensity and other characteristics. It is assumed that the following information about the number of enterprises in the world and their type for the current time is known:
1.
The expert estimates of the distribution of probability and their types in the future; 2.
The distribution of probability of their characteristics for the regions in the world. In this paper, the above variables are considered as independent variables, but they may also be correlated.
Forecasting method
In the paper, for the Monte Carlo method realization [1, 2] is used the beta distribution of random variables, since all of the above values may vary in the majority of cases in limited boundaries. The numerical values of distribution parameters must be related to the specifics of particular area, for which the study is conducted. The following are the expressions for the determination of variable values.
Number of new enterprises in the future
The number of new enterprises is regarded as a random variable distributed on the interval defined by an expert.
Variations of types of enterprises that can arise in future
To determine the type of enterprise, it is used the fixed frequency characteristics of enterprise types for each region. In each trajectory for each new created enterprise is assigned its type. Planned ventures with well-known types are not changed.
Variation of dates
a. Date of commissioning. If there is a planned commissioning date, then for the "real" date of commencement of operation, you can use the following expression:
where is the date of commissioning; is the date of commissioning; is the input lag modeled as a realization of a random variable (eg, Fig. 2C) .
If the date of planned commissioning is not known, then we estimate it as a realization of beta distribution between the start point and end point of the forecast. The beta distribution parameters are determined by the change of enterprise capacity in future (see Fig. 2) .
b. Date of decommissioning. Each type of business has its planned lifespan. To calculate the date of the withdrawal of enterprise we may use the following expression:
where is the date of withdrawal from service, LT is the planned time of life of the enterprise, is the realization of the random variable describing the deviation from the planned output date of the operation of the enterprise.
If the operation extension can be performed for a considerable period of time, then the extension can be modeled using a single random variable.
where is the end date of the extension of operation; is the realization of the random variable describing the duration of the extension service. In this case is modeled strictly positive and has a mining of early decommissioning (example in Fig. 2B ). Knowing when enterprise is in operation, it is possible to calculate the resource consumption. In its general form the resource consumption of enterprise at time t can be represented by the following expression:
where , is the amount of consumed resources; , is the installed capacity of the enterprise; , is the indicator of resource usage per unit capacity of the enterprise; , is the load of enterprise in a year t. Each of these values is also variable.
At the same time they impose additional restrictions, namely, the values , , , must be ≥ 0, the values of , must be in the interval [0, 1] . Figure 3 shows a graph of the total volume of demand for all trajectories It is obvious that with such a large amount of data it is required to conduct an additional research to determine the most important patterns of industry development. 
Clustering of trajectories
The trajectories are taken as objects of clustering. The resource consumption for each year is taken as the criteria of enterprise. To determine the optimal number of patterns in the cluster analysis, method k-means method is used [3, 4] .
For a given number of clusters N it is necessary to conduct multiple clustering with different initial cluster centers. Then we choose the best distribution by the criterion of minimum total scattering within the cluster D, defined by the following expressions:
where is the number of trajectories in the cluster n; is the center of the cluster n; ( ) is i-th object of the cluster n. Further, by analyzing successively for different numbers of clusters, we can determine the optimal number of clusters for which the growth of 1,2 decreases
where C is the conditional center of entire sample, consisting of average values of consumption in each year; E(XY) is the function of distance between objects X and Y (must be the same type as the distance selected for clustering). Such an example is shown in Figure 4A , for which the optimal number of clusters varies from 4 to 8. We use city block distance for sum of absolute differences between variables. Each centroid is the component-wise median of the points in that cluster. To determine the quality of clustering for each n-th cluster the so called silhouette can be calculated [5] . To do this for each element we need to calculate its average distance to all objects of its cluster:
and the minimum of average distances to objects of other clusters: = min( , ) , ≠ .
Then for X i , which belong to cluster n, we can calculate its silhouette : = − , max ( , , )
values are in the range [-1,1]. In Figure 4B it is shown an example of the graph of silhouette for 6 clusters with the type of city block distance. In the figures below are presented some of the results: the graph of cluster centers, which can be interpreted as patterns of demand for resources; the proportion of cluster in total sample, which can be interpreted as the probability of exactly this scenario. 
Conclusion
The proposed method allows to obtain a long-term strategic resource consumption forecasts, adjusted to the specifics of a particular industry, for which the study was conducted. The methods of cluster analysis give a chance to select the most important patterns of industry consumption. Thus, the tools for long-term procurement policy planning are proposed. In addition, the results obtained can be used as input data for the forecasts for time periods where there are no expert estimates, for example the forecasts based on trend components [6] . 
